This study investigates the distance and patterns of pollen dispersal before and after logging in a low-density population of the dioecious, insect pollinated tree species, Bagassa guianensis, in the Brazilian Amazon. All adult trees found before and after logging in a 500 ha plot were mapped and genotyped for six microsatellite loci. Seeds collected before and after logging were also sampled and genotyped. We used a categorical paternity analysis to determine seed paternity. Our results showed similar levels of pollen flow before (23%) and after logging (26%), but an increase in the mean effective pollination neighbourhood area, and a decrease in the rate of mating among relatives after logging, resulting in open pollinated seeds with lower levels of inbreeding (0.126) than before logging (0.222). We also detected changes in the mating pattern between before and after logging, a decrease in the median pollen dispersal distance and effective number of pollen donors after logging. Our results support the idea that reproductive trees should be maintained in the plot and around logged areas, using lowest levels of logging intensity to maintain pollen flow and decrease the relatedness of subsequent generations.
Introduction
Reduced impact logging (RIL) aims to minimize disturbances to the forest structure but inevitably decreases the effective reproductive density of trees in a logged population. Consequently, logged populations experience a genetic bottleneck immediately after logging (HAWLEY et al., 2005; LOURMAS et al., 2007; SEBBENN et al., 2012; LACERDA et al., 2013; ARRUDA et al., 2015) . Genetic bottlenecks change the gene frequencies, causing a loss of alleles, particularly low frequencies alleles, and may reduce the heterozygosity of logged populations (RAJORA et al., 2000; LOURMAS et al., 2007; LACERDA et al., 2008; SILVA et al., 2008) . Logging usually increases the distance among reproductive individuals which affects pollinator behaviour (LOURMAS et al., 2007; LACERDA et al., 2008; SEBBENN et al., 2012) . Consequently, the rate of selfing and correlated mating may increase, since the number of pollen donors participating in mating events may be reduced, resulting in a low variance effective size in open-pollinated progeny (LOWE et al., 2005; AZEVEDO et al., 2007; LOURMAS et al., 2007; CARNEIRO et al., 2011; DEGEN and SEBBENN, 2014) . However, tropical tree species with low-density may be resilient to reductions in the reproductive population and maintain similar levels of outcrossing and pollen dispersal after logging when harvested at a moderate intensity ARRUDA et al., 2015) . The main limiting factor for regeneration after logging may be a reduction in the number of trees capable of 1 ) Federal University of Pará, Marajó-Soure Campus. 13 a rua Tv.19 a Bairro: Umirizal, CEP 68870-000, Soure, PA, Brazil.
producing seeds, rather than genetic effects due to limited pollen dispersal (LOURMAS et al., 2007) .
In conservation biology, estimates of the patterns of gene flow through both pollen and seeds, mating patterns, variation in individual fertility, and effective reproductive population size are important factors in understanding the effects of anthropogenic processes, such as forest fragmentation and selective logging, on the genetic diversity of populations. These estimates are also necessary to establish strategies for conservation, logging, breeding, and forest restoration. The genetic structure of tree populations is determined largely by the movement of genes via pollen and seed dispersal (DOW and ASHLEY, 1996; BURCZYK et al., 2004; ASHLEY, 2010; ELLSTRAND, 2014) . Trees are stationary and, therefore, the location of an individual tree relative to conspecifics may influence the number of mates a tree has, the relatedness of the mates, and the relative fitness through male and female functions (DOW and ASHLEY, 1996) . Studies of pollen and seed dispersal are particularly important for the world's remaining tropical rain forests, considering the very high species diversity, the fact that many of these species occur in a very low-density populations (< 1 tree/ha), and the significant anthropogenic pressures affecting these biomes (DEGEN and SEBBENN, 2014) . Parentage analysis based on microsatellite markers is the most suitable method to assess the effects that logging and other anthropogenic interventions can have on population genetics of tree species (DOW and ASHLEY, 1996; BURCZYK et al., 2004; ASHLEY, 2010; ELLSTRAND, 2014) .
Timber companies have intensely exploited the low-density, dioecious, insect pollinated, tropical tree species Bagassa guianensis Aubl. (Moraceae) in the Brazilian Amazon, due to the high quality of itse wood . In dioecious species as B. guianensis, mating occurs among male and female reproductive individuals. The distance between reproductive individuals is very important because the pollination is insect mediate. Logging may change the distance among reproductive trees, decrease the population density, and affect the behaviour of pollinators, resulting in increased correlated mating. Thus, new generations would become more closely genetic related, consequently lowering the effective population size. Furthermore, increases in relatedness may increase the probability of mating among relatives, resulting in inbreeding. Assessing pollen migration, dispersion distance and patterns within open-pollinated progeny before and after logging is important to understand the possible impacts of selective logging on the mating system of this valuable timber species. In a previous paper, ARRUDA et al. (2015) , using the same data set of the open-pollinated progenies of the present paper investigated the genetic diversity and mating system before and after logging based on the mixed mating model and correlated mating model, implemented in MLTR program (RIT-LAND, 2002) . In contrast, in the present paper we used the adult trees and the open-pollinated progenies to investigate only the pollen dispersal distance and mating pattern before and after logging with base in paternity analysis. Although, we estimated one similar index, the mating among relative rate, our estimate is not based in models, but based only in the assigned seeds for a putative pollen donor within plots. Thus, the results presented here are novel and complement the ARRUDA et al. (2015) previous paper, showing the pollen flow and dispersal patterns before and after logging.
The study was carried out in an experimental plot established in a continuous natural forest in Brazil. Data was collected during one reproductive event before logging and three events after logging. Logging decreased the density of the reproductive population from 0.142 to 0.060 trees/ha. The surrounding areas of the plot were also logged, probably decreasing also the reproductive population density. Our hypothesis is that the decrease in the population density in the plot and surrounding areas and decrease in spatial genetic structure of reproductive individuals due logging may affects pollinator behaviour, resulting in decrease in pollen flow and in the rate of mating among related individual after than before logging. Thus, our main question was: how did the decrease in population density resulting from logging influence pollen immigration and dispersal patterns and the rate of mating among relatives within the logged forest plot?
Material and methods
The study species Bagassa guianensis occurs throughout the Brazilian Amazon as well as in Guyana and Arruda et. al.·Silvae Genetica (2015) Suriname (VEGA, 1976) and is classified as a pioneer species that is light demanding and presents annual flowering in natural populations. Adult trees can reach 35 to 50 m in height and more than 190 cm diameter at breast height (dbh). The population densities are generally very low (0.2 trees/ha for dbh ≥ 45 cm, SILVA et al., 2008) . Flowering has been observed in trees with a minimum dbh of approximately 40 cm. Pollination is anemophilous with the participation of tiny insects (thrips, order Thysanoptera) moving through the wind (MAUÉS, 2006) . Fruits are produced annually in populations, but not all female trees produce annually fruits. Each fruit has many seeds, and seeds can remain viable in the soil for a long time. Seed dispersion occurs by both gravity and animals (VEGA, 1976) .
Study site and sampling
The study was carried out in a 500 ha experimental plot established in a continuous natural forest located alongside highway BR-163, in the Tapajós National Forest (2°51'S, 54°57'W, and 175 m above sea level), 83 km south of San- (Figure 1) . The area is located in the Belterra Plateau and has a humid tropical climate, with an annual rainfall ranging from 1900 to 2110 mm, and mean monthly temperatures between 24 to 26°C, throughout the year. The area is covered by a dense tropical forest classified as terra firme dense ombrophilous forest and was not logged before our study. In the plot, all B. guianensis individuals found before logging were mapped, measured dbh and sexed, and collected cambium tissue for DNA extraction. We found 92 B. guianensis trees found before logging (33 females, 38 males and 21 not sexed) and after logging (2003) , 43 trees remained (15 females, 15 males and 13 not sexed). Logging intensity within plot was 61% of trees with dbh > 60 cm, but in the surrounding areas of the plot, the logging intensity was highest (90% of tees with dbh > 45 cm). Before logging the dbh ranged from 18 to 197 cm, with a mean of 74.9 cm and median of 76 cm and after logging ranged from 18 to 132 cm, with a mean 55 cm of and median 46 cm. Logging decreased the density of the reproductive population from 0.142 to 0.060 trees/ha (Figure 1) . The distance between seed trees where seeds were sampled and male individuals before logging ranged from 57 to 2685 m, with an average of 1143 ± 689 m (± standard deviation, SD) and median of 1985 m and after logging, the distance between the 15 seed trees and 15 males trees ranged from 46 to 2631 m, with an average of 1207 ± 600 m (± SD), and median of 1272 m. Pollen dispersal was assessed using 488 open-pollinated seeds collected from 18 seed trees in 2003 before the area was logged. As the species present supraannual reproduction and not all female trees produce fruits every year, after logging only ten had their fruits sampled in at least one reproductive event . After logging, we collected 62 seeds from two seed trees in 2006, 80 seeds from five seed trees in 2007, and 89 seeds from eight seed trees in 2008, totaling 231 seeds post-logging. After logging seeds were collected in general from different seed trees, but were collected from one same seed tree in the three reproductive events and in three same seed tree in the two reproductive events. The collected seeds were planted in nursery at the Embrapa Research Station in Belterra. Cambium samples from adult trees were extracted and stored in microtubes containing buffer solution (CTAB buffer (1/3) and ethanol (2/3)) and kept on ice until storage at -20°C; leaves from seedlings (seeds) were collected and stored in tubes containing silicagel for drying.
DNA extraction and microsatellite analysis
The genetic analyses were conducted using six SSR loci (Bg14, Bg16, Bg28, Bg32, Bg35, and Bg39) isolated and characterized for B. guianensis (VINSON et al., 2010) . Details on DNA extraction, amplification, and genotyping for the six microsatellite loci are described in VINSON et al. (2010) .
Paternity analysis
We estimated the non-exclusion probability of each parent pair before and after logging (P p ) using the CERVUS 3.0 program (MARSHALL et al., 1998) . We accepted the paternity when the trio of seed-mother-father presented a maximum mismatch of one. The probability of cryptic pollen flow, or that a foreign pollen donor could have multilocus genotypes that could be generated by a local tree, was estimated following DOW and ASHLEY (1996) . Paternity analysis of each seed before and after logging was carried out on a maximum-likelihood categorical parentage assignment (MEAGHER, 1986) . Paternity was assigned by comparing genotypes of mother trees, seeds, and male candidates, using CERVUS program, based on the ⌬ statistic, which is the difference between the LOD (logarithm of the odds) scores of the two most probable pollen parent candidates (MARSHALL et al., 1998) . To assess paternity before logging, we used the 38 identified males and eight unsexed individuals with a dbh ≥ 39 cm as pollen donor candidates, totalling 46 individuals. After logging, we used the 15 remaining males and seven unsexed individuals, with dbh ≥ 39 cm, totalling 22 individuals. To find the critical value of ⌬ for 80% (relaxed) confidence level in the paternity analyses, simulations were conducted using 50 000 repetitions, 0.01 as the proportion of mistyped loci, and 70% proportion of sampled pollen parents, resulting in 66 [(100%x46)/70%] male trees before logging and 32 [(100%x22)/70%] male trees after logging as probable pollen parents for each seed. In the analyses, the allele frequencies calculated for adult trees were used as reference allele frequencies. To increase the precision in the paternity analysis, the minimum number of loci required for parentage analysis was set to five. If a candidate male had an ⌬ exceeding the crit- Arruda et. al.·Silvae Genetica (2015) 64-5/6, 279-290 DOI:10.1515/sg-2015-0026 edited by Thünen Institute of Forest Genetics ical value of ⌬, determined from simulations, it was considered a true potential parent. If a seed had no potential pollen donor in the plot, it was considered as having no male parent within plot and we assumed that the mating event involved pollen flow from outside the plot. For each seed tree, and considering all seed trees together, we calculated the proportion of pollen immigration (m i = n i / n; where n i is the number of immigrants and n is the total number of sampled seeds). To estimate the rate of mating among relatives, we calculated the pairwise coancestry coefficient () among seed trees and assigned pollen donors by paternity analysis based on the method described in LOISELLE et al. (1995) and using the Spagedi 1.3 program (HARDY and VEKEMANS, 2002) . Values of lower than expected between half-sibs (0.125) were assumed as zero (unrelated). The rate of mating among relatives (t r ) was calculated as: t r = n r / n, where n r is the number of seeds originated from mating among relatives and n is the total number of seeds sampled in each seed tree. The standard error of average mating among related individuals was estimated assuming binomial distribution, as:
where m is the number of sampled seed trees in the plot. The inbreeding of seeds resulting from mating among relatives (F r ) was estimated using the individual fixation index (F), also calculated using Spagedi 3.1 program (HARDY and VEKEMANS, 2002) . Values of F r lower than 0.125 were assumed as zero. Statistical significance of mean F r values was tested by 1,000 permutations of alleles among individuals, associated to a Bonferroni correction for multiple tests (95%, ␣ = 0.05).
From the paternity analysis, pollen dispersal distance (D) was calculated for seeds based on the Euclidean distance among two points. In order to investigate if male mating success was Table 1 . -Profiles of sample size and mean and variation pollen flow among seed trees determined by paternity analysis before and after logging in one Bagassa guianensis plot.
SD and SE are the standard deviation and standard error, respectively. Explain the symbol of square from the table. Arruda et. al.·Silvae Genetica (2015) 64-5/6, 279-290 DOI:10.1515/sg-2015-0026 edited by Thünen Institute of Forest Genetics a function of distance between males and seed trees, we compared the curve of frequency of effective pollinating male parents with the frequency distribution of the distances among all males and seed trees, using the KolmogorovSmirnov test (SOKAL and ROHLF, 1995) . As the sample size after logging was small, we grouped all studied post-logging years for this analysis. The effective neighbourhood pollination area (A ep ) was calculated for each seed tree from the Figure 2 . -Frequency distribution of pollen dispersal distance and distance among seed trees where seed were collected to male trees before logging (a) and after logging (b), and the distance before and after logging (c) in one Bagassa guianensis plot. Arruda et. al.·Silvae Genetica (2015) (LEVIN, 1988) . To investigate the association between male fertility and dbh, or the capacity of large pollen donors to generate more offspring than smaller trees, we used a linear regression analysis, estimated with SAS program (SAS, 1999) .
Results

Paternity assignment before logging
The overall non-exclusion probability of parent pairs (P p ) across six microsatellite loci was 0.00148. In the paternity analysis before logging, we considered not sexed trees with dbh ≥ 39 cm as putative male candidates, totalling 46 potential male candidates (38 males + 8 individuals not sexed). The probability of cryptic pollen flow or the probability of a seed to be erroneously assigned for a male candidate within plot, when the true father was located outside plot was 0.07 [1-(1-0.00148) 46 , where 46 is the number of candidate male parents]. Of the 488 analyzed seeds before logging, we found 403 seeds receiving pollen from donors located within the plot, suggesting that the other 85 unassigned seeds (17%) were probably fathered by male trees located outside the plot ( Table 1) . The number of seeds that could be matched to unrelated adults by chance was estimated as 28 (403 x 0.07). The estimated pollen gene flow, corrected for cryptic pollen flow, was estimated as 23% [100%(85 +28)/488]. Pollen migration among seed trees ranged from 4 to 38% (Table  1) . Seeds were fathered by 42 of the 46 putative male candidates within the plot. Seven of the eight unsexed trees with a dbh ≥ 39 cm were determined as male trees. Thus, the sex ratio is 33 females: 45 males, or 0.73:1. Each male tree fathered from one to 32 seeds, while 10 males fathered 49% of the assigned seeds. However, there is no significant association between the number of seeds fertilized by pollen donors and the dbh of assigned pollen donors (R 2 = 0.005, P > 0.05, df = 86).
Paternity assignment after logging
The overall non-exclusion probability of parent pairs (P p ) across six SSR loci was 0.00517. In the paternity analysis after logging, we also considered not sexed trees with dbh ≥ 39 cm as a putative male candidate, totalling 22 potential male candidates (15 males + 7 individuals not sexed). The probability of cryptic pollen flow was 0.11 [1-(1-0.00517) 22 , where 22 is the number of candidate pollen parents. Of the 231 analysed seeds, pollen donors could be assigned within the plot for 191 (83%) seeds for the total three years sample ( Table 1) . The other 40 unassigned seeds (17%) were likely fathered by male trees located outside the plot. The estimated pollen flow, corrected for cryptic gene flow was 26%. Pollen immigration after logging ranged among seed trees from 0 to 47% (Table  1) . Twenty-one putative pollen parents located within the plot fathered at least one seed (maximum of 20 seeds). All seven remaining unsexed individuals with a dbh ≥ 39 cm were determined as males, resulting in a sex ratio of 15 females: 22 males, or 0.68:1. Ten putative pollen donors fathered about 67% of the total seeds assigned after logging, but no significant association Table 2 . -Results of pollen flow and dispersal determined by paternity analysis before and after logging in four other tree species studied in the same plot. between the number of seeds fertilized by pollen donors and the dbh of assigned pollen donors after logging was detected (R 2 = 0.048, P > 0.05, df = 44).
Distance of pollen movement
Although before and after logging pollen was dispersed within the plot over long distances (maximum before = 2637 m; after = 2501 m), mean pollen dispersal distance decreased after logging (Table 1, Figure 2) . The mean pollen dispersal distance among seed trees before logging ranged from 975 to 1505 m and after logging from 628 to 1993 m ( Table 1) . We tested if the distance among seed trees and assigned pollen determined the number of seeds fertilized by pollen donors. There was no significant association between the number of seeds fertilized by pollen donors and the distance between the paternal and maternal trees before logging (R 2 = 0.135, P > 0.05, df = 16), but we found a significant association after logging (R 2 = 0.475, P > 0.05, df = 16), indicating that after logging mating occurs in high frequency between close near neighbor's females and males trees. We also compared the frequency distribution of pollen dispersal distance a the distance among males and females trees, to investigate if the distance of male and female trees can explain the patterns of pollen dispersal, using the Kolmogorov-Smirnov test. In agreement whit the previous test based in the correlation, the Kolmogorov-Smirnov test between the frequency of estimated pollen dispersal distance and the distance among putative pollen donors and the seed trees was significant before logging (D = 0.125, P = 0.001), indicating that the distance among potential male parents and seed trees cannot explain the observed mating patterns. After logging, we found no significant difference (D = 0.113, P = 0.130), indicating that distance among potential male parents and females can explain the observed mating patterns. We also compared the frequency distribution of pollen dispersal distance before and after logging and found significant difference between the frequency distribution of pollen dispersal before and after logging (D = 0.127, P = 0.030). The effective neighborhood pollination area (A ep ) or, the circular area around a seed tree in which 63% of pollen donors that mated with the seed tree are located was lower before logging (248 ha) than the after logging (300 ha).
Mating among relatives
We estimated the coancestry coefficient between seed trees and assigned pollen donor ( r ) to detect the rate of mating among relatives. The pairwise coancestry coefficient between seed trees and assigned pollen donors ( r ) before logging ranged from -0.292 to 0.389 and after logging ranged from -0.313 to 0.342. Assuming r values ≥ 0.125 as related individuals, the mean pairwise r was similar before and after logging (0.206 and 0.207, respectively, Table 1 ) and the mean among seed trees ranged before logging from 0.130 to 0.389 and after logging from 0.131 to 0.281 ( Table 1 ). The rate of mating among relatives before logging ranged among seed tree from 0.03 to 0.43 (mean of 0.17) and after logging from 0 to 0.41 (mean of 0.11). As mating among relatives produce inbreeding we estimated also the fixation index for assigned seed from related seed trees and assigned pollen donors. The mean fixation index for inbred seeds (F r ) was significant (P < 0.05) higher than zero before logging (mean of 0.222) and after logging (mean of 0.126). The mean pollen dispersal distance among related seed trees and assigned pollen donors decreased after logging, with a mean of 1058 m before to 727 m after logging.
Discussion
Pollen flow
Our results show similar pollen flow for B. guianensis both before (23%) and after logging (26%), indicating extensive pollen movement in the area and that logging did not affect pollen migration. However, pollen flow was lower than observed for four other tree species studied in the same plot (Table 2) before logging (ranging from 35 to 77%) and three species investigated after logging (ranging from 38 to 89%) 2011; VINSON et al., 2015) . The low density of B. guianensis trees, associated to the fact species is dioecious and mating occurs only between female and male trees and, that not all trees flowering all years are the probably the cause of lower pollen immigration for B. guianensis than for the other studied species; Dipteryx odorata, Jacaranda copaia, Hymenaea courbaril and Symphonia globulifera all have higher population densities before and after logging than B. guianensis. Arruda et. al.·Silvae Genetica (2015) 
Pollen dispersal distance and patterns
Pollen was dispersed over long distances before and after logging, reaching a maximum of 2637 m within plot. The pollen dispersal distance depends on distance among reproductive conspecifics, the level of synchronicity in the flowering phenology, male fertility, pollination vector and pollinator behaviour (DUNPHY et al., 2004; DICK et al., 2008; KLEIN et al., 2008; DEGEN and SEBBENN, 2014) . For B. guianensis, male flowering phenology is perfectly synchronous with female flowering , but not all male and female trees produced flowers in each of the studied years, which can change the actual distance among coespecific reproductive male and female trees each year, thus changing the pollen dispersal distance. Thus, as our estimates of pollen dispersal distance before logging is based on only one reproductive event and after logging on three reproductive events, our results comparing before and after logging must be interpreted with caution. Long distance pollen dispersal in B. guianensis is somewhat unexpected since the species is pollinated by very tiny insects (thrips). However, thrips are able to remain airborne for long periods of time and they can be carried over long distances, up to 30 km, by air currents and wind (LEWIS, 1973) . Another explanation for the long distance pollen dispersal detected in our study could be "carryover", when pollen is deposited in the floral structures of different "intermediary" trees before reaching the stigma of a B. guianensis female flower.
The pattern of pollen dispersal distance before and after logging was similar, the isolation by distance. However, our results show that the median pollen dispersal distance decreased from before (1269 m) to after logging (1006 m), suggesting that logging increased the intensity of this pattern. Although, the observed mating pattern before logging is not determinate by distance between female and male trees, after logging this distance explain the mating patterns. As logging reduced the population density of reproductive trees, it probably affected the pollinators' foraging behaviour, altering pollen dispersal patterns. Decreases in pollen dispersal distance after logging were also detected for D. odorata and J. copaia (Table 2) and Entandrophragma cylindricum (LOURMAS et al., 2007) .
The mean pollen dispersal distance before and after logging in B. guianensis was also higher than that of three other species studied in the same plot: before logging ranging from 515 to 1026 m; after logging ranging from 456 to 952 m ( Table 2 ) 2011; VINSON et al., 2015) . In the present case, these differences occurred because B. guianensis is dioecious, with a sex ratio before of 0.73:1 (33 females: 46 males) and after logging of 0.68:1 (15 females: 22 males) and mean distance among female and males before logging (1262 m) and after logging (1207 m) is higher than trees of the other species. Furthermore, the population density of putative pollen donors in B. guianensis was lower before and after logging than D. odorata, H. courbaril, and J. copaia, as already discussed. Thus, B. guianensis pollinators must fly longer distances between male and female trees in comparison with the other species. Thrips can carried over long distances (up to 30 km) by air currents and wind (LEWIS, 1973 ) and the pollen is probably deposited in the floral structures of intermediary trees before reaching the stigma of a B. guianensis female flower. Thus, the behaviour of the pollinator of B. guianensis is probably the cause of the great mean pollen dispersal distance before and after logging than observed in the other mentioned species.
However, it is important to note that all estimates of pollen flow for B. guianensis, as well as the other cited species, are likely underestimates due to the substantial amount of pollen immigration found for all studied species.
The difference between the frequency distribution of pollen dispersal and the distance of all males in relation to females after logging, as well as the rate of mating among relatives and correlated mating detected before and after logging, suggest restrict mating potential during reproductive events (Figure 2b, Table 1 ). Although practically all males fertilized at least one of the assigned seeds, a small number (10) fathered a large majority of the seeds before (49%) and after logging (67%). This result clearly indicates restrict mating potential in the evaluated mating events, especially after logging.
Effective pollination neighbour area
The effective neighbourhood pollination area (A ep ) is defined as a circular area in which 63% Arruda et. al.·Silvae Genetica (2015) 64-5/6, 279-290 DOI:10.1515/sg-2015-0026 edited by Thünen Institute of Forest Genetics of pollen donors that mated with a seed tree are expected to be located (LEVIN, 1988) . Although variable over the studied years and seed trees before and after logging, seed trees exhibited a large A ep before (248 ha) and after logging (300 ha). As noted above, these results may underestimate the true A ep due to pollen gene flow. The A ep after logging for B. guianensis is larger than estimated for the other tree species studied in the same plot ( Table 2) ; this is related to the lower population density of putative pollen donors before and after logging than found for D. odorata, H. courbaril, and J. copaia. The large A ep observed for B. guianensis likely makes this species resilient to reductions in population density caused by fragmentation or selective logging . After logging, reproductive trees would not be isolated if trees of different sexes are maintained within the pollination neighbourhood area.
Mating among relatives
The estimated rate of mating among relatives (t r ) was variable among years and seed trees before and after logging. All seed trees before logging mated with related individuals (mean t r = 0.17), but after logging not all seed trees mated with relatives (mean t r = 0.11). Similar values and patterns (before = 0.171; after logging = 0.135) were detected by ARRUDA et al. (2015) using the same data set and mixed mating model implemented in MLTR (RITLAND, 2002) . Mating among relatives in dioecious species can occur if species are self-compatible and populations have spatial genetic structure (SGS) or if there are some related individuals within the population. SILVA et al. (2008) showed that before logging this population presented SGS up to 300 m, but noted an absence of SGS after logging. The absence of significant SGS does not indicate a lack of related individuals in the population, but rather an absence of association between mean pairwise relatedness and mean spatial distance among individuals. Thus, after logging, some related individuals of different sexes remained in the population and mating occurred between them. Based on pollen dispersal results, the distance between these related male and female trees ranged before logging from 493 to 2004 m and after logging from 132 to 2312 m. Mating among related individuals produces inbreeding at the same level as the coancestry among the parents. Our estimate of mating among relatives (t r ) is based on the assumption that related parents are at least half-sibs ( r = 0.125) and only pairwise coancestry coefficient ( r ) between seed trees and assigned pollen donor ≥ 0.125 were assumed as result in mating among relatives. Thus, our estimated maybe is underestimated, because cousins ( r = 0.0625) can also be present in the population. The mean r was similar before (0.208) and after logging (0.212). The mean inbreeding for seeds identified as originating from mating among relatives (F r ) before logging (0.222) was similar to r , but after logging (0.126) the F r was lower than r .
Final considerations
Our results reveal a complex web of mating among B. guianensis trees within the plot and pollen immigration from outside plot, both before and after logging. Logging did not affect pollen immigration into the study area and pollen was dispersed over long distances within the plot, both before and after logging. However, logging decreased the mean pollen dispersal distance, the pattern of mating was the isolation by distance and mating among trees depends on the spatial distance among male and female reproductive individuals. In contrast, logging increased the mean effective neighbourhood pollination area due increased in the variance in the distance between the sampled seed trees and assigned pollen donors. These results indicates that after logging the mating occurred in higher frequency between close near neighbour individuals and the decrease in the population density increased correlated mating. As the logging decreased the SGS in adults by removing some near neighbour related trees , the mating among relatives rate was also decreased, resulting in open pollinated seeds with lower levels of inbreeding than before logging. The logging caused a genetic bottleneck, resulting in a remaining reproductive population with low genetic diversity . As pollen flow was similar before and after logging and in the surrounding population the logging intensity was higher (90% of trees with dbh > 50 cm) than in the plot (62% of trees with dbh > 62 cm, SILVA et al., 2008) , we can expect the immigration of some new alleles from outside plot, but lower than occurred before logging. The overall results suggest that reproductive trees must be maintained in the plot and around logged popu- Arruda et. al.·Silvae Genetica (2015) 64-5/6, 279-290 DOI:10.1515/sg-2015-0026 edited by Thünen Institute of Forest Genetics lation, using lower logging intensities (LI) above the minimum cutting diameter in order to decrease the relatedness and not strongly decrease the genetic diversity of subsequent generations. Furthermore, simulation studies of the effects of logging intensity above minimum cutting dbh and cutting cycles with B. guianensis, D. odorata, H. courbaril, J. copaia, Manilkara huberi and S. globulifera showed that the logging rule used in Brazil are not sustainable and must be specie-specific due difference in ecology, genetic and reproductive characteristics between the species and based on lower intensity logging above the a highest minimum cutting dbh and in longer cutting cycles than actually used SILVA et al., 2008; LACERDA et al., 2013; VINSON et al., 2015) .
